UE. Gav’l

FAILURE MODE EFFECTS ANALYSIS/CRITICAL TTEMS LIST

FTWMEA NUMBER: 1.15.0 ORIGINATOR: J3C/MM ASTRO PROJECT: GFE
FART NAME: CARGO BAY LEUMRL PART NUMEBER: 3178890-504 QUANTITY: 1
PART NUMEER: 3278390-504 LRIVORY PART NAME: CTVC E¥STEM: CCTV
LAC CONTROL KOD:NfA DRAWING/REF DESIGNATOR:I2TERI0D SUBSYSTENM:
ZONELOCATION:N/A EFFECIIVITY ' AFFECT STAGE:!

CRI 1ITY:
CRITICAL ITEM?:_ Yes SUCCESS PATHS:
CRITICALITY CATEGORY: /2 SUCCESS PATH REMAINING:;
END ITEM NAME:
EMD ITEM FUNCTIONAT :
END ITEM CAPARILITY!

ENDITEM F.‘L]_l'URE TOLERANCE:

REDUNDANCY SCREFNS: (DRBITERSPACE STATTON)
A - Pass

B - Pass

C - Pass

n -

FUNCTION:Loss of PTU function.
Worst Case:Unable to positivn ¢amera lor desined FOV resulting in
1nss of mission critical videa

FATIL.UREE MODE CODE:

FAILURE MODE:FTU does not respond to pan or tilt command <
CAUSE:

Al Pover Supply

Ad Com Der/Tel Ene

FAILURE PETECTION:

REMAINING PATHE:
EFFECT/ MISSION PHASE:

CORRECTIVE ACTION:
Wone.

=FAILVRE EFFECTS-
END ITEM/LRU/ORU/ASSEMBLY : Lods of cameéra ourpan
SUBSYSTEM/REXT ASSEMBLY/INTERFALCE: No rideo
SYSTEMEND ITEMMNISSTION: Loss of massion critical video

CREW/VEHICLE ; None,

HAZARD INFORMATION:
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L5 Gavl

FAILURE MODE EFFECTS ANALYSIS/CRITICAL ITEMS LIST

FYIEA NUMEER: 1,164 ORICINATOR: JEC/MM ASTRO FROJECT: GFE

FART NAME: CARGO BAY ERCYORU PART NUMBER: 3278830-506 QUANTITY: 1
FART NTITMBER: 3278320-500 LRU/ORU PART NAME: CTVC EYSTEM: CCTY
LAC CONTROL NO:N/A - DRAWING/BREF DESIGNATOR: 3278800 SUBSYSTEM:
ZONELOCATION:N/A EFFECTIVITY/AFFECT STAGE:

HAZARD: YES  NO X
HAZARD ORGANIZATION CODE:

HAZARD NUMBER:"

TIME TO EFFECT:
TIME TO DETECT

TIME TH CORRECT:

FAOLDRE DETECTION/FLIGHT:

BEMARKS:
-RATIONALE FOR ACCEPTABILITY-

(4) DESTGN:

The CTVC it comprised of 21 electrical subasgemblies; 15 subussemblics are GE Astea Spoce designed and fabricated vsing
gtapdard printed circeit board type consiruction. The remaining sit assemhblies, 3 sfepper motors, I brushless moter,
Prism/ACCD, und Leng assembly are vendor supplies components, which have beep specified and purchased according to GE
Specification Control Drawing (SCDs) prepared by Engineering and Product Assurance Specificalions per the SCD are

pe (formance, test, qualification, and acceplance requirements for a procured piece of equipment. Parts, materials, processes,
and desiyn guidelines for the CTVC program are specified in accordance with GE 3267759, This document defines the
DrOgram requirements.

MI-5TD-275G will scrve as the prinary EEE parts selection document. I a suitabde part ¢anoot be found in MIL-STI-
575G, eguivalent EEE parts that meet the following erjleria may be sabstituted.

Microcircuit s are a1 beast Class B Leve], MIL-M38519 devices. All microcircnits are subjected te Particle Tmpact Nnise
Thetectinn (FIND) resting per MIL-STD-383C (except For devicey with plastic epoay-type package)

Dipdes and trapsisiors are a1 least JANTXV in accordance with MIL-5-19500. All semiconduclors in cavity-type packages
are ubjected to PIND tetting per MI1L-STD-B831C. Relzvs are procured to the highest military established refiability (MI1-
ER-] level a5 defined in MIL-R-32016, Relays are suhject to PIND testing.

Switches are procured to at Jease the second highest evel of the appropriate MIL-ER specification. Switches are suhjected 1o
either PIND 1esting ar X-ray analysis as appropriate, for particle detection.

Other discrete parts are pn:n:ﬁ red tn at least the second highest level of the apprepriate MIL-ER specification,

Parts not intluded in the sbove documents have been used in the design only after a non-standird parrs acceptance request
(NSPAR]} has been prepared, submiited i Reliahility Assurance Engineeriag and approved for use in the specific
apphication(s) defined in the NSPAR by NASA-FSC.

Warst case Circuit analyses have been performed snd documented for all eircuit designs to demanstrare that sufficient
aperating margins exist for all operating conditions. The analysis was worst case in that the vatue for each of the variable
parameters was get to limits that will drive the potput to 2 maximom (or min). A cemponent approach review and analysis
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UE. Gowv't

FAILURE MODE EFFECTS ANALYSIS/CRITIHCAL ITEMS LIST

FMIA NUMEER: 1.15.0 ORYGINATOR; JSC/MM ASTRO PFROJECT: GTE
FART NAME: CARGO BAY LRU/QRU PART NUMBEBER: 278820506 QUANTITY: 1
FART NUMBER: 3X7RRHM-506 LRIMOATI FART NAME: CTVC SYSTEM: CCTY
L5 CONTROL NO:N/A DRAWING/REF DESIGNATOR: 3275840 SUBSYSTEM:
ZONE/LOCATIONN/A EFFECTIVITY/AFFECT 8TAGE:

was conduncted to verify that the applied siress vn each picee part by the (emperature extremes identified with envirenmental
gualificalion testiop does not exceed the stress derating values identified in GF 3267759,

Tn additipn, ao objective examinativo of the desipo was pecformed theough a Prelimingry Desigpa Review aod Critical Design
Review 10 verily that the CTYL met specification and contractual requirements.

BARE ROARD DESIGN

All boards are constructed from laminated copper-clad epoxy ghass sbeets per MIL-P-13944 Type G Grade A Cireuit
cannettions are made through printed traces which ruo from poiot o point on the board surfaces. Every {race terminates af
an aooular ring. ‘The annular ring surrgunds the hole in which a componeot lend or termipal is Jucated. This ring provides a
foating fur the solder, ensnring good mechanical and elecirical performance. Its size and shape are governed hy MIL-P-
55640 as are trace widthe, spacing and routing, These requirements are rejterated spacifically in drawing notes to further
assure compliance. Variation between the artwork master and the §final prodoct {due o irregularities of the eiching process)
are algo eontrolled by drawing noles. This prevents malling defective hoards from good artworl. Hales which hgose no lead
Gr erminal, but serve only to electrically interconnect the different board 1ayers, contain stiteh bars for mechanical support
and increased reliabiiicy.

The through heles are drilied from a drill {ape thus eliminating the possibitity of human ercor and allowing tight confrol pver
hole angd aomolar ring concentricity, an impertant reliabiblity ¢riterion. Afier drilling and etching, a'l copper cladding is tin-
lead plated per MIL-5TD-1425. This pravides far cagy and reliahle soldiering at the time of hoard assembly. even afier
perinds of prolenged storape. :

BOARD ASSEMBLY DPESIGN

All componenis are installed io a manner which assures maximum relizbility. Compovent leads are pre-tinoed, allawing
total wetting of salder joints. All lesds are farmed 1o provide stresy relief and the bodies of large components are staked.
Specizal mounting and handing insteuctions eve included in each drawing raquired afier fingl assembly. The board is coated
with urethane which protects against humidity and cantarination.

(B TEST: ACCEPTANCE
Each assembly is individvally tested to 2 NASA approved Acceptance Test Procedure TP-AT-32788%0. The Acceptance Test
Flaw i detailed in Takle 1,

QOUALTFICATION TEST

The gualificativa unit is identical to the flight unic configuration in every respect and is used solely For the purpose of
gqualification testing, The Qual unit oust successfully compleie agceptance testing prior to eotering qualification testing. The
Qual upit has passed testing in accordance with NASA approved test plan PN-C-32758390. The Qualification Test Flow is
detailed in Table 2.

OPERATIONAL TESTS

In arder ta verify that CCTY companents are operational, 2 test most verify the bealth of all the cornmand relaved
campanents from (he PHS (ATA1) panel switch, throwgh the RCL, through the syné lines to the CameraPTL, to the
Camera/PTU cummand decoder. The test must also verlfy the camera’s ability to produce video, the VSIs abitity 1o route
viden, and the moniter's abilicy 10 display video. A similar test would be performed o verify the MDY command path.

Pre-Launch on Orhiter TestTn-Flight Test
1. Power CCTY System.
L. Viaihe PHS pancl, select a monitor.
3 Send “Camera Power On™ coramand from the
the PHS pans'
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U.E Gov

FAILURE MODE EFFECTS ANALYSIS/CRITICAL KTEMS LIST

FMEA NUMEBER: 1.16.1) DRIGINATOR: JSCMM ASTRO FROJECT: GFE
FART NAME: CARGO BAY LEU/QEU PART NUMBER: 3178B00-506 QUANTITY: 1
FART NUMEBER: 327859)-500 LEU/QRY PART NAME: CTVC SYSTEM: CCTV
LSC CONTROL NO:NfA DEAWING/REF DESIGNATOR: 5275840 STTBSYSTEM:
ZONELOCATION:N/A EFFECTIVITY/AFFECT STAGE:

4, Select “Extcrnal Syoc™ ca monitor,

5 Observe video displayed oo monitor,

Note that if video oo mgnitor is svnehreaized
fi.e, stable raster).

i Seénd Pan, Tilt, Focus, Zoom, ALC, and Gamma
eotmands and visually {either via the
monitor or direct observation) verily

pperatign.
7. Selett downliok as destination and
caméra under test ag spurce.
8. Dbzerve video routed to downlink,
9, Send “Carmera Power O command via PHES panel.

LD,  ERepeat Steps 3 throngh © except issue

(C) INSPECTION:

Procurement Contrgl - The CTVC ERE Parts and hardware itcms are procured from appreved vendory and suppliers,
which meet ihe requirements set forth in the CTVC confract Resident DFRO personoel review al procurement documénts
1 establish the reed Tar GSI on sclected parts (PALS1T)

Incoming Inspection and Siorage - Incoming Quoalily inspections are made on all received materials and parts. Besulis are
recorded by lot and retained in file by drawing and control numbers for furure reference and tracesbility. Al EEE paris are
subjected o incoming acceplance tests as called for in PAL 318 - Incominyg Inspection Test Instructions. Incoming flight paris
are further processed in accordance with GE 1546684 - Preconditianing and Acceptance Requirements for Electronic Parts,
with the exception that DPA and PIND testing is nat performed. Methanical items are inspecied per FARL 316 - Encoming
Inspection Insteuctions for Mechanical items, PAL 305 - Incoming Quality Controf lnspeciion Instruction, gud FAT 612 -
Procedure for Processing incoming or Purchased Farts Designated for Flight Use, Accepted jtems are delivered o Materiai
Controlled Stores and retained under specificd conditions uatid fabrication is required. Noo-canforming materials ace beld
far Matcrial Review Board (MRB1 disposition. (PAT-307, PAT YQC-531)

Board Assembly & Test - Prior to the start of TVC board asserably, all items are verified to e correct by stock room
personnel , ax the ilems are accumulated to form a kit The items are verified apain by the operalor whe assembles the kit by
checking apainst the as-bujit-parts-list (ABPL). DPRO Mandatory Tnspection Points are designed for all prioted cireuit, wire
wrap and welded wire boards, plus harness connectars for seldering wirlng, crimping, solder splices and guality
wprkmanship prios ta coating of the component side of beards and sleeving of haranesses.

CTVYC Boards

Specific CTVC board assembly and test instructiens are provided in draming notes, and applicable deciments are called out
in the Fabrication Procedure and Record (FPR-3275290) and parts hsl PLI278%90. These include Process Standard RTV-
£G4 1280981, Process Standard - Bonding Velers Tape 21R0838%, Sperification  Soldering-Specification Crimpiong 2250800,
Specification - Bonding and Staking 1220873, Specification - Marking 2280876 Spccification - Workmaoship 8)50035,
Specification Bonding and Staking 2280875, specification-Wave Solder 1180821, Specificativn-Frinted Wire Board Staldog
1160851, Specification-ReMow Soldering 2280754, Specificativn-Soldering Surface Mount Components 2ON0ETLE,

CTVC Assembly and Test

An open box test is performed per TP- IT-SETSE!J{II and an Acceptance Test per TP-AT-31785890, including vibration and

thermal vacuum. Tergue's are specificd and witnessed, traceahility numbers are recorded and caliprated tools are checked

prior to use. GE Quality and DPRO inspeetions are performed a the completion of specified FPR vperations in aceardance

with PAT-204, PAZT-205, und PAT-217. DPRO personncl witness CIVC button-up and critical torgquing. .
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UE. Govi

FATLURE MODE EFFECTS ANALYSIS/CRITICAL ITEMS LIST

FARTEA NUUMBER: 1.16.0 ORIGCINATOR: JSCMM ASTRO FEOQJECY: GFE
FART RAME: CARGD BAY LRUMORU PART NUMBER: J275880])-504 {FUANTITY: 2
PART NUMBER: 32785380-506 LRUMORD PART NAME: CTVC SYSETEM: CCTV
LE8C CONTROL NO: N4 DRAWING/REF DESTCNATOR:3278590 EUBSYSTEM:
ZONELOCATION:N/A EFFECTIVITY/AFFECT STAGE:

The CTVC is packaged according 10 CCTV Letrer 8011 and 1280746, Process Standard for Packaging and Handliog
guidelines. All relaled documentation including asscmbly drawings, Paris List, ABFPL, Test Bata,efc., is gathered and held in
a documentation folder assigned specificelly o each rssembly. This folder is retzined for reflervoce, An ETDE is prepared for
each assembly in accordance with the requirements of WE-2503176, GE QL and DPREO personnel witness crating,

packaging, packing, and marking, and review the ETDP for completeness and securacy.
TABLE 1. ACCEFTANCE TEET FLOW
1. ROOM AMBIENT FERFORMANCE TEST

Tesl conducted per the requirements of NASA
approved TP-AT-32TREI0,

A ¥ CFE %1 TION EXF RE
20-80 Hz: 3 db/octave nse fmom (01 22/ 10 0.04 g2He

350-20004 Hez: 3 dB ¢ctave decreased to 0,006 22/Hz
Tegt Daration: 1 minute/axis, pperating
Tesl Level: 6.1 grms

3. =W NFLNCT. -
Test eonducted per the requirements of NASA
approved TP-AT-3278890.

4. ACCEPTANCE THERMAL-YACUIM EXFOSURE
1.5 cycies total from +115 deg F 10 +14 deg F.
Afier stabilization, one hour minimum duration
at each platcay, In-spec Tunctional tests perfirmed a1
each plateau.

LA

. POST-ENVIRONMENTAL PERFORMANCE TEST
Room amblent performance test tonducted in
accordance with NASA approved TAP-AT-3278800,

TAELE 1. QUALIFICATION TEST FLOW

1. EM1
Conduct t2s15 run io accord ance with 1he requirements of
SL~-E-0D002E, including C501, C802, C506, TT0i, CECL, and CEOS.
Radiated tests run in  accordance with SL-EUH0IE including RS02, R503,
and RENL except that the test current Tor RS02 was 2 amps in lieu of 20 2mps,

1. QAL FOR ACCEPTANCE VIERATION
20-80 Hz: 2dhfpeciave inereasing to 05067 p2H-
B0-350 Hx:0.04 ¢2.Hz
350-2000 fz: ldb/octave decrease
Tist Lavel: 7.8 proms
Test Duration: § minutes/axis pperating

J. FLIGHT GUATTFICATION VIBEATTON
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1.5 Gavt

FATILURE MODE EFFECTS ANALYSIS/CRITICAL ITEMS LIST

FMEA NUMEBER: 1.16.10 ORIGINATOR: JSC/MM ASTRO FROJECT: GTE
PART NAME: CARGO BAY LRI/ORU PART NUMRBER: 327385(0-506 QUANTITY: 1
PART NUMBER: 32784%0-30¢ LRU/ORU PART NAME: CTVC SYSTEM: CCTV
LSC CONTROL N(:N/A DREAWINGREE DESIGNATOR: 3278520 SUBSYSTEDM.:
ZONELDCATION:N/A EFFECTEVITY/AFFECT STAGE:

20-70 Hz: & dBloctave incrensing o 0.4 ¢27Hz
70-500 Az 0.4 g2/Bz

500-2000 Hz: 6dbloctave decrease

Test Level: 18.1 grms

Test duration 48 minutesfaxis noo-operating

4, THERMAL-VACTTM
7.5 cycles total fram +130 deg F to +9 deg F.

After siabilization, one hour minimum duration at each plateau.
In-spec functional testz performed at each platean.

5 THERMAL SIMULATION
Worst casce ot and cold mission environnients
simulated in vacuum. Duaring hot case, in-spec
operation is Tequired Jor 6 of 14 consecutive hours.
Tharing cold case, in-spec operation is reguired for
14 gonsecutive hours

6. HUMTDITY
120 hours exposure e 85% RH including four 24
hour temperatare cycles of +60 deg F to +125 deg
¥, pon-operating.

{D] FAILLURE HISTORY:
Nane.

(£} OPERATIONAL U3E:
Possinle loss of major mission objectives due tn inahility to position camera
for desired FOY.

(F} MAINTAINABILITY:

PEEPARED BY:Bernic Embrey REVIELON:

DATE: Februzary 17, 1995 WATVER NUMEER:
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